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Firms, technology and globalisation are three central aspects of both economics and the 
economy. The different way in which the three dimensions are examined by economists on 
the one hand and other observers, such as entrepreneurs or engineers, on the other hand, is 
often astonishing. However, whatever strand (Classical, Neoclassical, Institutionalist, 
Evolutionary, ...) and definition (à la Mill, à la Marshall, à la Robbins, ...) of economics we 
prefer, this science should always have some connection with economic reality, as, after all, 
economics can be seen as a theory of the economy. 
We are of course aware of the fact that a trade-off may exists between generalisations and the 
details which may be subsumed; however, what is worth a theory based on ideas such as the 
average firm, which conceals a basic feature of capitalism, that is firms seeking profits which, 
because of this search for profit, try to differentiate themselves from their rivals? In this 
regard we have to be careful with the use of words, since the use of seeking is not casual, and 
is consciously used instead of maximizing. 
Many questions can be raised on the three topics of which the title of this introduction is made 
up of: mainstream economic analysis of technological change has been unsatisfactory for a 
long time, and endogenous growth theory has mitigated the problems rather than solve them; 
a proper theory of the firm does not exist; theories which try to explain globalisation have yet 
to come as too many questions have to be tackled, from finance to international trade, from 
international mobility of production factors to global production sharing, and more. 
Despite the criticisms which have just been considered, economics has gone a long way on 
the road of science: theories and analyses have been developed and quite a few important 
principles have been identified.
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and despite the criticisms which have arisen as a result of the recent crisis not being forecast 
by “experts”, all governments and their leaders rely on economic advisors whose tools affect 
overall societies, while relationships between countries are largely affected by economic 
considerations. The kind of economic ideas that characterise policies implemented by policy 
makers have an impact at the micro, meso and macro level. 
In this paper we briefly outline the way in which firms, technology and globalisation have 
been considered by economists. Thus, in section two we reconsider some aspects of the 
debate on the way in which economists have considered firms; in section three we review the 
way in which economists have tackled technology and its change, while in the fourth section 
we look at globalisation; the fifth section contains the conclusions.
2. The firm
2.1 Theories of the firm
“In a private enterprise industrial economy the business firm is the basic unit for the 
organization of production. The greater part of economic activity is channelled through firms. 
The patterns of economic life, including the patterns of consumption as well as of production, 
are largely shaped by the multitude of individual decisions made by the businessmen who 
guide the actions of the business units we call firms.” (Penrose, 1959, p. 9)
The importance of firms can hardly be questioned: they are central to both the economy and 
economic theory. In this section we concentrate on the way in which economics has 
considered firms.
When one looks at the firm through the lens of economic theory the impression one gets is 
that what we are actually using is not a lens, but a kaleidoscope, so that the image is made up 
of continuously changing patterns. Things are difficult because of the many aspects which 
characterise firms (ownership, internal organisation, amount of output to be produced, cost 
structure, employment relationships, obsolescence and investment decisions, where the 
boundary of the firm lies, knowledge and others) and because any theory has its needs in 
terms of consistency. 
Ronald Coase was aware of the fact that 
“the use of the word «firm» in economics may be different from the use of the term by the 
«plain man» …[so that] it is all the more necessary not only that a clear definition of the word 
«firm» should be given but that its difference from a firm in the «real world», if it exists, 
should be made clear.” (Coase, 1937, p. 386). 
2When one tries to provide taxonomies, be it by schools of thought, by themes or any other 
criterion, one ends up with a picture that is never complete and rarely satisfactory. It is not 
difficult to find attempts aimed at systematising the contributions to the theory of the firm: 
examples are Foss (2000a), Gibbons (2004) and Ricketts (2008); older reviews, of course, can 
easily be found (e.g. Boulding, 1942). The problem is what one means by a firm, and the 
consequent dimensions which have to be considered. 
For instance, Foss refers to the theory of the firm as that body of economics that addresses the 
existence, the boundaries and the internal organization of the firm (Foss, 2000a); Holmström 
and Tirole besides considering these three aspects explicitly tackle the firm’s capital structure 
and the role of management (Holmström and Tirole, 1989); Cyert and Hedrick examined the 
existing works from the standpoint of the generation of new knowledge arising from 
theoretical models, considering four variants of the neoclassical model and non-maximizing 
models (Cyert and Hedrick, 1972). 
None of the authors ever claim exhaustiveness while controversies – in terms of classification, 
theoretical content and relevance – always arise. Given the many dimensions of which a firm 
is made up of, the role of the observer is fundamental as he or she can concentrate on one or 
more different ones, e.g. make-or-buy, division of labour, learning within production and so 
on. 
Results of the analysis can also be affected by sectoral considerations: too often theories have 
as their background firms producing manufacturing goods. However, the service sector is 
heavily predominant – tertiary employment in advanced economies takes more than 70% of 
total employment – and firms belonging to it may sometimes need different tools of analysis. 
Let us just hint at two specific problems: first, marginal cost is often too close to zero to be a 
principle according to which pricing can be put in place; second, given that in capitalist 
economies innovation is a driving force, innovation in services may require service-specific 
tools of analysis (Miles, 2005).
Juridical aspects combine with economic ones: different analyses and results may be obtained 
when we consider owner-run small-sized firms on the one hand, and joint-stock companies on 
the other hand – within the latter the divide between ownership and control creates problems 
in terms of incentives4.
In this section we do not want to review once more the characteristics of the various 
approaches – one can refer to the works indicated up to now – but simply to point out two 
4 Seminal contributions by Berle and Means (1932), Baumol (1959), Williamson (1963) and Marris (1963) laid 
down the basis for this kind of analysis.
3critical points that, we believe, deserve more attention than has been previously given to it. 
The first consists of the need to reconsider the contribution of classical economists to the 
theory of the firm; the second point has to do with the non-market relationships that often 
develop between firms. 
2.2 Theory and historical perspective: a reassessment of the Classics
Many authors emphasise the fact that the theory of the firm has developed without 
considering real firms. Cyert and Hedrick (1972) wrote that none of the problems of real firms 
could find a home within the dominant neoclassical model, and that the controversy over the 
theory of the firm had arisen over a non-existent entity – the maximizing firm which gets 
information from the market. Despite the fact that this criticism has been partly superseded by 
the most recent theoretical developments – bounded rationality, principal-agent, incomplete 
contracting, etc. – there remains some truth in it. 
A fundamental problem, in fact, lies in the willingness to have a nineteenth-century physics-
like theory made up of principles which can be applied everywhere at any time – and the 
principle of maximization or the representation of production in terms of a production 
function lead in this direction. Firms, however, do not lend themselves to be studied in this 
way. Furthermore, we have to note that it has become a commonplace to say that “history 
matters”, but one finds little evidence of the fact that this importance has been actually taken 
into account in economic studies. 
Neither criticism, though, applies to classical economists. Before considering some of their 
contributions let us point out that when one reviews the contributions to the theory of the firm 
it is quite difficult to find analyses concerned with classical economics, and it is not unusual 
to find comments such as “classical economists did not elaborate such a theory”5. 
The first principle relevant for the theory of the firm that we have to consider consists of 
Adam Smith’s division of labour. He refers to at least two types of division of labour, which 
have been defined as vertical (or manufacturing division of labour, or intraoccupational 
differentiation) on the one hand, and horizontal (or social division of labour or occupational 
differentiation6) on the other hand. 
As an example of vertical division of labour we can refer to Smith’s original example of the 
pin manufacture. He noted that even such a “trifling manufacture” could be divided into 
eighteen distinct operations, and that by organizing the work process in such a way that one 
5 A few exceptions exist, e.g. Foss (1997).
6 See, respectively, Leijonhufvud (1986), Groenewegen (1987) and Landes (1986). 
4worker performed only one operation overall productivity and production would increase 
dramatically. He noted that:
 “This great increase of the quantity of work, which, in consequence of the division of labour, 
the same number of people are capable of performing, is owing to three different 
circumstances; first to the increase of dexterity in every particular workman; secondly, to the 
saving of time which is commonly lost in passing from one species of work to another; and 
lastly, to the invention of a great number of machines which facilitate and abridge labour, and 
enable one man to do the work of many” (Smith, 1776 [repr. 1976] p. 17). 
This is undoubtedly relevant for a theory of the firm and represents a general economic 
principle in that “so far as it can be introduced, occasions, in every art a proportionable 
increase of the productive power of labour” (Smith, 1776, p. 15). 
Two aspects that are intrinsically connected with the division of labour concern the necessary 
co-operation between workers and the role of the entrepreneur (the capitalist). 
About the first point we can note that:
“When numerous workers work together side by side in accordance with a plan, whether in 
the same process, or in different but connected processes, this form of labour is called co-
operation. … [T]he effect of the combined labour could either not be produced at all by 
isolated individual labour, or it could be produced only by great expenditure of time, on a 
very dwarf-like scale. Not only do we have here an increase in the productive power of the 
individual, by means of co-operation, but the creation of a new productive power, which is 
intrinsically a collective one. “ (Marx, 1867, pp. 443-444, emphasis added).
This helps explain – despite Coase’s criticism7 – why firms exist: the division of labour 
creates a more efficient way of organising production, and in order to arrange the overall 
process an entrepreneur is needed: 
 “The work of directing, superintending and adjusting becomes one of the functions of capital, 
from the moment that the labour under capital’s control becomes co-operative. As a specific 
function of capital, the directing function acquires its own special characteristics” (Marx, 
1867, p. 449). 
One more contributor to the debate who must be referred to is Charles Babbage: his book on 
the economy of machinery and manufactures8 is full of analyses, suggestions and comments 
on how a profit-oriented firm has to be set up. He refers to the division of labour, to 
mechanization, to the principles on which large factories are established, and more. With 
regard to the division of labour he pointed out that it could also be applied to mental labour – 
7 Coase writes that “It is sometimes said that the reason for the existence of a firm is to be found in the division 
of labour” but classifies as “inadmissible” some ideas proposed by Usher and Dobb which refer to this as a 
principle capable of explaining the existence of firms (Coase, 1937, p. 398). Some critical points have also been 
raised by Buenstorf  (2005) and Leoncini et al. (2009).
8 Charles Babbage (1791-1871) was a polymath, and is usually known among computer scientists for his attempt 
at building two different mechanical computers; his contribution to economics belongs to the Classical tradition. 
The first edition of the economy was published in 1832; in this work we refer to the third edition which was 
published in 1835.
5and to illustrate the principle he refers to the calculation of logarithms (Babbage, 1835, pp. 
193-195). The main point is that in capitalist industrial manufactures:
“the master manufacturer, by dividing the work to be executed into different processes, each 
requiring different degrees of skill or of force, can purchase exactly that precise quantity of 
both which is necessary for each process” (Babbage, 1835, p. 175, original emphasis) 
Classical economists also considered side effects such as the deskilling which could take 
place as a consequence of the division of labour and mechanization or the emergence of 
technological unemployment9. Smith wrote that 
“The man whose whole life is spent in performing a few simple operations … has no occasion 
to exert his understanding … and generally becomes as stupid and ignorant as is possible for a 
human creature to become.” (Smith, 1776, p. 782)
To conclude, we can state that although all of the classical authors referred to real firms and to 
the history of production and technology, this does not mean that they did not reach 
theoretical generalisations. 
2.3 Firms’ boundary, size and non-market relationships
One of the concerns of the theory of the firm consists of the boundary of the firm itself. Once 
more, when one addresses this issue, answers are not easy to provide. What do we mean by 
boundary, or boundaries, when we deal with firms? Is it where the work process starts and 
ends? Or is it that physical or metaphorical area where the entrepreneur lays down his rules? 
Are they legal? Are they technological? What about the interaction between producers (or 
service providers) and consumers? And what about the relationships between producers? 
In a key article Richardson (1972) points out that while at first sight one is tempted to refer to 
firms as islands of planned co-ordination in a sea of market relations, a deeper analysis points 
to the fact that a dichotomy between firms and market does not exist. 
When we consider economic reality we usually observe that a product is made up of different 
parts which are often produced by different independent firms which, in turn, have to co-
operate in some way. Think, for instance, of the car industry: the car producer does not 
produce all of the components, and his or her suppliers have to adapt qualitatively and 
quantitatively to the specifications set by the former. Many examples can be recalled in which 
two or more firms co-ordinate their activities both qualitatively and quantitatively: one of the 
most immediate forms of co-operation is that of sub-contracting, so that one of the parties 
9 As for technological unemployment a fierce debate started in the 1820s and saw the participation of many 
economists such as Malthus, McCulloch, Sismondi, and Say. Worthy of a specific comment is the fact that 
David Ricardo added the chapter “Of machinery” to the third edition of his Principles to investigate whether the 
adoption of machinery could be detrimental to the labour force.
6agrees to conform its output to the needs of the other; other forms of co-operation can be 
found, e.g. when a manufacturer uses an independent retail chain to sell his or her product(s), 
or when technology transfer takes place10. 
The interaction between firms often gives rise to feedbacks which create a virtuous circle in 
which process and product improvements occur. 
As Richardson points out, some form of co-ordination must exist, and this can occur in three 
ways: by direction (the activities are subject to a single control and fitted into one coherent 
plan), through market transactions (spontaneously as an indirect consequence of interactions 
taking place in response to profit opportunity) or by co-operation:
“Co-ordination is achieved through co-operation when two or more independent organisations 
agree to match their related plans in advance. The institutional counterparts to this form of co-
ordination are the complex patterns of co-operation and affiliation which theoretical 
formulations too often tend to ignore.” (Richardson, 1972, p. 890)
Co-operation between independent firms is a phenomenon that characterises capitalist 
production, and does not represent an exception. 
As further proof of this, one can think of industrial districts that can be found throughout the 
world from Italy (e.g. Sassuolo) to Japan (Ota Ward), from the United States (Seattle) to 
Brazil (Campinas) and South Korea (Pohang). That of industrial districts can be considered as 
a form of division of labour between firms which have a form of co-ordination through co-
operation. Among the features which characterise industrial districts one usually finds long-
term relationships between district firms and high importance of intra-district trade. 
It looks as if there may be problems in identifying both the boundary and the size of the firm. 
This is true in a “static” environment, in which the number and type of firms is given, and yet 
we can have situations like this:
“If an apple orchard owner contracts with a beekeeper to pollinate his fruits, is the result one 
firm or two firms? This question has no clear answer.” (Cheung, 1983, repr. in Foss 2000b, 
Vol. I, p. 337)
It is even truer when we have to face a dynamic economic environment where existing firms 
may grow, stay as they are or decline, and new ones can emerge11. The decision on whether to 
make or buy becomes more and more complex, as growth does not mean to produce more of, 
or more efficiently, the same product or service: growth often implies diversification, a 
10 This has prompted  recent and developing literature on make-and-buy behaviour; see, for instance, Gulati and 
Puranam (2006); Parmigiani (2007); Parmigiani and Mitchell (2009); Antonietti et al. (2009).
11 This is a point which has been tackled by the literature on dynamic capabilities, starting from the pioneering 
work of David Teece (Teece et al., 1997).
7special form of which is backward or forward vertical integration (Penrose, 1959, p. 145)12. In 
other cases, particularly when we deal with giant firms already existing, it may mean an 
opposite process of disintegration-cum-specialization. 
The fact remains that over time both the boundaries and the size of firms change. These 
changes are due to a set of forces (variables) which are sometimes endogenous and other 
times exogenous to the firm. A tentative, non-exhaustive, list of these forces includes 
entrepreneurial ability, managerial ability, knowledge base of the firm, expectations, 
proportion of borrowed capital and rate of interest, changes in relative prices of products and 
services, changes in factors’ rewards. 
3. Technology, innovation and knowledge
In the last twenty-five years a form of competition has emerged among social scientists, 
international institutions and policy makers whereby they emphasise the importance of 
technology and its knowledge content for the economy and the society as a whole. 
Economists and economic institutions have been particularly active in this process. But how 
have economists dealt with technology, innovation and knowledge? 
As usual, we have to face many difficulties, which begin with the very definition of each of 
the dimensions which we want to investigate; furthermore, the three dimensions are 
inextricably interconnected: there is no technology without some form of knowledge, and 
knowledge contains the seeds of change. In the next three subsections we will keep the three 
items artificially distinct. 
 
3.1 Technology
Technology is too broad a concept to be encompassed into a single acceptable definition; 
furthermore, as economists, we are not interested in technology per se, but in its 
characteristics as related to the economy, economic growth and development. 
When we deal with technology we have to refer to its inner characteristics and to the 
economic determinants which contribute to shaping it. Furthermore we have to consider the 
interaction between technology and science, which have become more and more intertwined 
at least since the early 19th century, when the Industrial Revolution was in full swing in 
England and was spreading throughout Europe and America. 
12 Chapter VII, the economics of diversification, of Penrose’s book (Penrose, 1959) is quite important in order to 
understand the meaning of growth as attached to the firm. 
8Despite the fact that technology is interconnected with science, it preserves some form of 
autonomy from it. Technology focuses on doing and making and it is usually conceived of 
with a clear objective needing to be achieved, be it to kill a bird with a bow and an arrow or 
the construction of a digital computer to process numbers. As Layton insisted technology and 
science are characterised by – at least partly – separate systems of thought, not least because 
in technology we observe the existence of non-verbal modes of thought (Layton, 1974, p. 36). 
Put another way, even in advanced sectors of the economy, in which one would be inclined to 
think that the basic inputs come from science, we have technology building on technology – 
an explicit example being the early development of transistors (Gibbons and Johnson, 1970). 
Science is concerned with knowing and with a kind of knowledge which can be true or false. 
Technology can be looked at as “applicable knowledge ... [and it] is determined primarily in 
terms of successful performances to which such knowledge is relevant” (Polanyi, 1962, p. 
175). 
Let us now turn our attention to the way in which economists have looked at technology. Here 
we selectively refer to the classical, neo-classical-mainstream and evolutionary schools of 
thought. 
Classical economists have definitely been concerned with technology since the very 
beginning of their intellectual tradition. Smith explicitly connected the division of labour with 
the invention of machines and acknowledged the role of thinkers – he call them “philosophers 
or men of speculation” (Smith, 1776, p. 21) – in contriving (new) machinery. Ricardo, besides 
having added the chapter on machinery in the third edition of his Principles, bases his 
theorem of comparative advantage on different labour productivities which, in turn, depend 
on the technologies being used. 
Charles Babbage and Karl Marx dedicated a lot of attention to technology and its change. As 
we have already mentioned in section 2.2, the title of Babbage’s book is quite telling 
considering the fact that is it is on the economy of machinery and manufactures. The book is 
too rich to be summarised in a few lines, so we will limit ourselves to providing some 
highlights on its contents. In the opening chapter Babbage points out that one of the 
distinguishing features of 19th century England consists of the extent and perfection to which 
the contrivance of machines has been pushed. Regarding the economic principles he states 
that:
“The advantages which are derived from machinery and manufactures seem to arise 
principally from three sources: The addition which they make to human power. – The 
economy they produce of human time. – The conversion of substances apparently common 
and worthless into valuable products.” (Babbage, 1835, p. 6, original emphasis).
9 Babbage outlines explicitly the distinction between making and manufacturing, where the 
latter refers to the “economical principles which regulate the application of machinery and 
which govern the interior of all our great factories” (Babbage, 1835, p. 119); put another way, 
the manufacturer must be aware of the relevant technology which must be arranged in such a 
way that it minimises costs13. He reconsiders the Smithian principle of the division of labour, 
pointing out that it can be also applied to “mental labour”14, and that the division of labour in 
terms of conceiving of, drawing and executing must be applied to machine building (p. 266). 
Marx’s contribution to the analysis of technology in capitalist economies is widely 
acknowledged, at least in non-mainstream economics15. He devoted a lot of attention to 
technology particularly in chapters 14 – the division of labour and manufacture – and 15 – 
machinery and large-scale industry – of volume one of Capital. 
In chapter 14 Marx reconstructs the dual origin of manufacture, which is that form of co-
operation based on the division of labour which arises:
“1. By the assembling together in one workshop, under the control of a single capitalist, of 
workers belonging to various independent handicrafts [...] 2. [or when one] capitalist 
simultaneously employs in one workshop a number of craftsmen who all do the same work, or 
the same kind of work ...” (Marx, 1867, pp.455-456).
Manufactures, in turn, have two fundamental forms, namely heterogeneous and organic. The 
latter is the perfected form in which a product goes through step-by-step connected operations 
and phases and at the end we find the final shape of the product itself (Marx, 1867, pp. 461-
463). 
In the fifteenth chapter of Capital, Marx provides an economic analysis of the technology 
which emerged with large-scale industry. The investigation is centred on the process of 
mechanisation which was taking place in more and more industries. Systems of machines had 
become the rule: they were characterised by the presence of a prime mover, i.e. the steam-
engine, which gave impulse to the transmitting mechanisms which, in turn, gave movement to 
the specialised machines which actually performed some operation(s). In this way, says Marx 
(1867, p. 500) we reach technical unity. Furthermore
“The transformation of the mode of production in one sphere of industry necessitates a similar 
transformation in other spheres. ... Thus machine spinning made machine weaving necessary, 
and both together made a mechanical and chemical revolution compulsory in bleaching, 
printing and dyeing.” (Marx, 1867, p. 505) 
13 Concerning cost minimisation he says that the manufacturer “must carefully arrange the whole system of his 
factory in such a manner, that the article he sells to the public may be produced at as small a cost as possible” 
(Babbage, 1835, p. 121).
14 See pp. 191-202.
15 E.g. Rosenberg (1976) or Nelson and Winter (1982). 
10Another key passage in the transition to large-scale industry was the development of a 
machine-tool sector, that is that branch of mechanical industry which builds the machines for 
producing machines16. 
Of course these economists centred their analyses on mechanical industry which was the key 
sector to develop industrial production. However their studies are as useful today as they were 
at the time. The principle of the division of labour is as important today as it was two 
centuries ago; indeed the systemic view which emerges from the Marxian theory has not lost 
importance, and it would be easy to provide a long list of relevant topics. 
The fact that we have referred to the founders of classical theory should not lead us to forget 
the whole body of literature which has developed along this line, and which has produced a 
whole theory in which structural change and economic dynamics have always been central 
(e.g. Pasinetti, 1981; Steedman, 1984; Kurz and Salvadori, 1995; Quadrio-Curzio and 
Pellizzari, 1999). The reswitching of technique problem, which is one of the important results 
of this theory, deserves an explicit comment: in fact, it contradicted the ultimate truth 
according to which a lower interest rate necessarily implied a process of capital deepening. 
The neo-classical-mainstream school started to investigate technology systematically rather 
late, with its initial basic tool being the Cobb-Douglas production function17 (Cobb and 
Douglas, 1928) and the connected isoquants, originally referred to as contour lines18. For a 
long time the neo-classical school has treated technology as a black box19 referring to it as the 
unknown way in which inputs (or factors of production) to the production process are 
transformed into output. Given the factors’ reward we can identify that technology which 
minimises costs for a given output. The last comment makes it clear that different techniques, 
or combinations of inputs, exist according to which we can produce a certain commodity, 
while the shape of (well-behaved) isoquants implies the substitutability between factors – the 
easiness of which is measured by the elasticity of substitution. 
A whole apparatus has been developed around this basic idea, which has been used at both 
micro and macroeconomic level; such an apparatus, however, has not properly dealt with 
technology for a long time – and even today many criticisms can be raised (see sections 3.2 
and 3.3). 
16 More in general, on the role and importance of the capital-goods sector in Marx see Rosenberg (1976, pp. 65-
74).
17 We are aware of the fact that some authors give priority to Wicksteed or even to Von Thunen as the first 
economists to propose the idea of the production function; we refer to the Cobb-Douglas as this is the one which 
has been systematically referred to by economists. 
18 In the first note of his article Cobb reminds us that the idea of using contour lines in economics is ascribed by 
Pareto to Edgeworth (Cobb, 1929, p. 225)
19 For a thorough analysis see Rosenberg (1982).
11With technology being one of the main drivers of change, the fact that the evolutionary school 
has always attached great importance to its study will not come as a surprise. Given the self-
imposed label, it should also be clear that this school draws ideas from biology – one of the 
first names which rightly comes to mind is that of Charles Darwin and his book on The origin 
of species, which was published in 1859. 
Borrowing ideas from other disciplines always implies some risks, and in the case economics-
biology these were largely identified by Penrose20 (1952). The development of the theory has 
overcome these difficulties so that if at the end of the nineteenth century Veblen asked “why 
is economics not an evolutionary science?” (Veblen, 1898), today we have a well developed 
evolutionary economic theory21. 
Among the forerunners of this school the most important single contributor is Joseph 
Schumpeter22 (1912, 1950) who was interested in the process of endogenous economic 
development:
“By ‘development’, therefore, we shall understand only such changes in economic life as are 
not forced upon it from without, but arise by its own initiative, from within.” (Schumpeter, 
1912, Engl. tr. 1934, p. 63) 
Technology and innovation, both stimulated by the search of profit, are central to this process 
of capitalistic economic development. 
The study of technology has always been at the centre of evolutionary theorising, and it is 
difficult to take one single starting point23. Let us consider Dosi’s path-breaking article on 
technological paradigms: he defines technology as a set of pieces of both practical and 
theoretical knowledge, know-how, methods, procedures, experience of success and failures, 
and physical devices and equipment which define a state-of-the-art and a basis characterised 
by a limited set of technological alternatives and notional future developments (Dosi, 1982, 
pp. 151-152). He thus defines a technological paradigm
“as ‘model’ and a ‘pattern’ of solution of selected technological problems, based on selected 
principles derived from natural sciences and on selected material technologies” (Dosi, 1982, 
p. 152, original emphasis). 
Technological paradigms have both a positive and negative side; in fact, while on the one 
hand they are characterised by certain materials, principles, know-how, beliefs and other 
20 Penrose referred specifically to the biological analogies in the theory of the firm; however her criticisms had a 
broader implication for economic theorising.
21 See, among the many, Nelson and Winter (1982), Dopfer (2005), and Alchian (1950) for an early account. 
22 As for the other precursors and allies of evolutionary theory the reader can refer to Nelson and Winter (1982, 
pp. 33-45); to their list we should add the name of Kenneth Boulding (1950, 1981).
23 To have an idea of the importance of technology and innovation for the evolutionary theory one can refer to 
Dosi et al. (1988).
12features which allow us to achieve a desired result, on the other hand they have a powerful 
exclusion effect in that they inhibit the exploration of other technological possibilities (Dosi, 
1982, pp. 152-153). 
When technology develops in a capitalistic environment the profit incentive constitutes one of 
the fundamental stimuli to technology creation; in addition, capitalism has also been able to 
exploit state-financed science and technology directed at satisfying non-economic needs, and 
one of the most important is defence. The best-known example is the internet, but others, 
sometimes not as widely known as in the case of the first numerically-controlled machine 
tools24, could easily be added. 
 
3.2 Innovation
What is meant by innovation is usually product and process innovation, that is, the creation of 
new products and services, the improvement of existing ones, and changes in the technology 
with which products and services are produced and provided. 
Schumpeter considered as innovation also the opening of new markets, the conquest of new 
sources of supply of raw materials and/or half-manufactured goods, and the creation of the 
new organisation of an industry – e.g. the creation of a monopoly position (Schumpeter, 1912, 
p. 66). 
Economists and policy-makers’ attention to innovation scarcely deserves any justification:
“innovation is of importance not only for increasing the wealth of nations in the narrow sense 
of increased prosperity, but also in the more fundamental sense of enabling people to do 
things which have never been done before.” (Freeman and Soete, 1997, p. 2)
Since the advent of the Industrial Revolution innovation has become a structural feature of 
capitalist economies. The fact that such a Revolution occurred in a capitalistic context does 
not mean that capitalism is the only form of economic organisation which allows for 
innovation, nor does it mean that before the Industrial Revolution no improvements occurred. 
It simply means that capitalistic institutions and incentives, together with science and 
technology systematically applied to production of goods and services, gave rise to an 
environment in which technology creation and innovation were a constituent part. 
This idea has been expressed in various ways by different authors. For instance, Schumpeter 
wrote that:
“The essential point to grasp is that in dealing with capitalism we are dealing with an 
evolutionary process. ... Capitalism, then, is by nature, a form or method of economic change 
24 Numerical control was introduced in the machine tool industry by a defence-related project aimed at building 
military aircraft wings (Reintjes, 1991). 
13and not only never is but never can be stationary. ... The fundamental impulse that sets and 
keeps the capitalist engine in motion comes from the new consumers’ goods, the new 
methods of production or transportation, the new markets, the new forms of industrial 
organization that capitalist enterprise creates.” (Schumpeter, 1950, pp. 82-82)
The last quotation ties in closely with Schumpeter’s previous work, where he explicitly 
connected development with innovation (Schumpeter, 1912, p. 66). 
As for the nexus between capitalistic production and innovation it is worth noting that Marx 
wrote that: 
“Modern industry never views or treats the existing form of a production process as the 
definitive one. Its technical basis is therefore revolutionary, whereas all earlier modes of 
production were essentially conservative.” (Marx, 1867, p. 617)
Capturing the idea of capitalism as an evolving system, as well as the Schumpeterian 
description of innovation as an endogenous phenomenon of creative destruction, is the phrase 
restless capitalism:
“The label ‘Restless Capitalism’ has two dimensions: searching for improvement and a sense 
of discomfort that arises as unanticipated structural changes falsify expectations and devalue 
or revalue existing investments. The first encompasses the process of innovation...; the second 
introduces the evolutionary welfare economics of general system ‘progress’ in the presence of 
localised ‘pain’. [...] It is fundamental to an understanding of restlessness that modern 
capitalism is a creative system in which new forms of economic behaviour are continually 
stimulated.” (Metcalfe, 2008a, pp. 173-174)
Innovation was already central to the founders of classical economics, and has become a 
central aspect of economic theory, in whatever school of thought we refer to. 
The concept of innovation, once more, is difficult to be encompassed into one definition. A 
first difficulty lies in the distinction which is traditionally drawn between invention on the one 
hand and innovation on the other; of fundamental importance are also the processes which 
lead to technology adoption – i.e. the firm’s decision – and thus its diffusion. Even to equate 
innovation with technological change deserved explicit analysis (Ruttan, 1959). 
For a long while the so-called Schumpeterian trilogy25 invention-innovation-diffusion has 
provided the basis on which a linear model of technological change could be proposed:
“The origin of the linear model can be traced to Schumpeter’s sequence of invention, 
innovation and diffusion in strict temporal order, with, along the way, the insertion of value 
judgements about the relative contribution of science and technology to innovation.” 
(Metcalfe, 1995, pp. 461-462)
25 Stoneman (1995, p. 2).
14Furthermore, Schumpeter explicitly wrote that innovation is possible without anything we 
should identify as invention, and invention does not necessarily imply innovation 
(Schumpeter, 1939). 
In some cases the distinction between invention and innovation can be meaningful26, 
particularly when a time lag occurs between the first occurrence of an original idea and its 
economic application. However, the linear model has proved fragmented, hiding the 
interdependence and feedback between the stages as well as other elements which cast light 
on the continuity of advance; put another way, the boundaries between the three stages are 
actually blurred (Metcalfe, 2008b, p. 212; 1995, p. 462). Furthermore, we must not forget the 
step of technology adoption, which concerns the decision process of single firms which – 
when they will realise that some other firm has accomplished an innovation – will have to 
decide if and when to adopt the innovation itself. 
What is implied in the last sentence is the fact that firms somehow learn than an innovation 
has occurred somewhere in their sector, and this process of learning can take different routes, 
such as participation in sector networks, consultancy, participation in exhibitions, systematic 
analysis of technical literature, voluntary dissemination of the original innovator, industrial 
espionage, decreasing market share, diminished profitability, and others. 
One of the characteristics of modern capitalism is that a good deal of innovativeness – which 
may include an original invention – has become a routine process, particularly in oligopolistic 
markets (Baumol, 2002; Gilfillan, 1952). Small firms are also innovation-conscious and, 
when they are not the first developers of innovation, they are ready to adopt, or imitate, it.
We can thus observe a whole range of situations in which we have firms developing new 
products, services or processes in house, firms which sell/license their technology to 
competitors, firms which specialize in the development of a technology which they 
sell/license to any buyer, technology joint ventures, firms which try to imitate innovation for 
instance through reverse engineering. 
The latter (non-exhaustive) list makes it clear why it is so difficult to provide general models 
capable of synthesising innovations and their diffusion. Difficulties may be amplified by the 
fact that once the first innovation occurs, a wave of further improvements often follows, 
26 “An important distinction is normally made between invention and innovation. Invention is the first 
occurrence of an idea for a new product or process, while innovation is the first attempt to carry it out into 
practice. Sometimes, invention and innovation are closely linked, to the extent that it is hard to distinguish one 
from another (biotechnology for instance)” (Fagerberg, 2005, pp. 4-5).
15further boosted through the diffusion process: in fact, in many cases technology cannot be 
simply adopted, but it must be adapted27.
Let us consider computer technology. Hardware and software have become a necessary 
component for the bulk of manufacturing and services; just think of what the technology of 
the car industry has become or of the banking industry. Over time, computers have become 
faster, cheaper, more reliable, have been interconnected through network technologies, and 
have changed their nature from being machines which store, update and process data into 
machines used to exchange communication through active interaction; pervasiveness of 
computer technology is so great that we can speak of a digital division of labour (De Liso, 
2008). It should thus be clear that, as a rule, innovation is not a one-off phenomenon but is a 
process in which feedbacks and further intentional (and sometimes unintentional) 
developments are always present. 
This allows us to understand why economists have found it difficult not only to define, but 
also to measure technological change. In fact, if innovation is characterised by many 
dimensions, it will be difficult to conceive of measures for all of these same dimensions. 
Furthermore, measurement may take a different meaning according to whether we think of 
industrial or service sectors. Finally, the methods and indicators will also be affected by the 
more or less aggregate level of analysis.
For a long time studies based on the Solow (1957) macroeconomic production function 
approach have been at centre stage. The macroeconomic approach, however, is not very 
helpful, as it subsumes indistinctly all forms of change, synthesised in a shift of the 
production function itself. Sectoral studies are more helpful, as in this way it becomes 
possible to identify key drivers of development and growth – it is enough to think of the 
importance of the mechanical industry or of the computer industry. 
Many attempts have been made in the direction of measuring innovation. Patel and Pavitt 
(1995) and Keith Smith (2005) provide a review of what indicators and methods have been 
and are being used. The most important ones are R&D expenditure, patenting activity, patent 
citations, bibliometric data, surveys of technical experts, large scale surveys such as the 
Community Innovation Survey. These indicators and methods are sometimes mixed in with 
27 One can think of many examples, the clearest being the ones referred to as general purpose technologies. 
Technologies can be defined as general purpose if they are (i) pervasive, (ii) subject to further development once 
introduced, and (iii) capable of leading to  innovative complementarities  (Bresnahan and Trajtenberg, 1995; 
Helpman, 1998).
  A similar concept can be found in Paul David’s “Computer and dynamo. The modern 
productivity paradox in a not-too-distant mirror” published in Technology and Productivity. The Challenge for 
Economic Policy, Oecd, 1991, pp. 315-347.
16country, sectoral and large firm studies – just think of the wave of studies concerned with 
national systems of innovation (Lundvall, 1992; Nelson 1993).
3.3 Knowledge in technology and science
Whenever we deal with technology and innovation there always exists a knowledge 
dimension which comes out. 
We cannot review the epistemological debate on what is meant by knowledge. We refer to it 
in the first instance in the way in which it is referred to in any dictionary, that is in terms of 
theoretical and/or practical understanding of a subject, the stock of what is known, the 
expertise and skills acquired by a person through experience and education. We will later 
distinguish between technological and scientific knowledge, which overlap but do not 
necessarily coincide. Let us emphasise the fact that any technology, however elementary, has 
a knowledge content: just think of the artisans of medieval guilds. 
Two structural features of modern capitalism lie in the systematic search of ways to apply 
existing knowledge to economic ends and in the intentional activity – typically R&D – aimed 
at producing new knowledge directed at economic purposes. 
As we have already mentioned the phrases knowledge-based economy and knowledge-based 
society have become very popular in the last twenty-five years, but such an emphasis is not 
justified. First of all, we have to note that “every economy, always and everywhere is a 
knowledge economy, for social systems – and economies are social systems – could not be 
arranged otherwise” (Metcalfe and Ramlogan, 2005, p. 656). Should we confine ourselves to 
modern capitalist economies, the link between knowledge and production was explicitly 
identified a long time ago; once more we can use Charles Babbage as an example, where he 
wrote in the final pages of his most famous book that:
“[I]t is impossible not to perceive that the arts and manufactures of the country are intimately 
connected with the progress of the severer sciences; and that, as we advance in the career of 
improvement, every step requires, for its success, that this connexion should be rendered more 
intimate. [...] The experience of the past, has stamped with the indelible character of truth, the 
maxim, that ‘Knowledge is power’.” (Babbage, 1835, p. 379 and p. 388, original emphasis)
28
When we refer to knowledge in technology and in science we may be facing different 
questions; technologists ask questions such as: “does it work?”, “is it reliable?” or “can it be 
made compatible with existing devices?”; scientists may ask different questions such as “why 
does it work?”, “can this phenomenon be reproduced?”, “what is the predictive power of my 
28 That of Babbage is far from being an exception: see, e.g., Rae (1834, p. 15 and chapter X entitled “Of the 
causes of the progress of invention and of the effects arising from it”).
17knowledge?”. Different questions may create different forms of knowledge, such as know-
why, know-that and know-how; the first two are typical of science, the third is typical of 
technology, but no clear-cut boundaries exist, in the sense that there is always some know-
how in science, while there is some know-that and know-why in technology
29. 
One   main   difference   between   scientific   and   technological   knowledge   consists   of   the 
consequences of the emergence of new knowledge: in technology very often we find explicit 
efforts aimed at building so-called bridging technologies, so that old investments can partly be 
saved, while in science new knowledge usually means a new theory which supersedes the 
existing one. Examples for technology are the devices conceived to make use of both direct 
and alternating current or the co-existence of fiber optics and copper wires for data 
transmission, while in physics Einstein’s theory “simply” superseded Newton’s.
Further differences between scientific and technological knowledge are due to the different 
roles played by trial and error as well as to the fact that knowledge may emerge as the result 
of different data, information and beliefs. An example is the chemical industry as it developed 
throughout the second half of the nineteenth industry; in this period we witness the 
development of this sector in two ways: on the one hand there were firms which based their 
production on experience, rule-of-thumb and trial and error, while on the other hand there 
started to emerge research laboratories which yielded theoretical work (Landes, 2003, p. 274). 
The latter comment gives us the opportunity to emphasise the fact that basic scientific 
knowledge may arise from private research laboratories aimed at seeking knowledge for 
economic  purposes:   the  usual  examples  are  the  Nobel  prizes  awarded  to  scholars  – 
technologists and scientists – working on practical problems such as optical communication, 
digital imaging, and other ones
30. 
Of course we are aware of the fact that technological and ‘pure’ scientific knowledge are 
characterised by different incentives, which are usually economic for the former and non-
economic for the latter: scientists are usually more concerned with publications and peer 
recognition than with problem-solving. And yet many technologists want to be recognised as 
the first to have invented something, while sometimes scientists turn to entrepreneurs or 
promote spin-offs. The first claim is supported by the many patent litigations in which money 
29 Despite the fact that explicit analyses of knowledge are not particularly popular among economists, there 
exists a number of key studies, among which we should point out the ones by Mokyr (2002), Foray (2004), 
Loasby (1999), Jewkes et al. (1969), Machlup (1962), Hayek (1945) and the bibliographies and references 
therein. 
30 The careful reader may have realised that we are referring here to the 2009 Nobel Prize winners W.S. Boyle, 
C.K. Kao and G.E. Smith. They do not represent an exception: we could have referred to many other inventions 
(e.g. transistor) and discoveries (e.g. cosmic microwave background radiation) which emerged from industrial or 
applied research. 
18is not the only point at stake: just think of the case of the telephone patent issued by the US 
patent office in 1876 in favour of Alexander Graham Bell which generated a huge number of 
lawsuits, promoted by other inventors who wanted to see their role acknowledged
31. The 
second claim is buttressed by the increasing numbers of university spin-offs, typically in hi-
tech sectors, and by the role identity modification of university scientists involved in 
commercialization and technology transfer activities (Zucker and Darby, 1996; Shane, 2004; 
Jain et al. 2009). 
The final comments we want to make hint at the science and technology policy issue32. The 
importance of knowledge for the economy has been recalled many times, and the fact that 
governments and non-profit institutions try to participate and intervene in the process of 
knowledge creation is hardly surprising. Often government intervention is deemed useful and 
actively sought because the production of knowledge is subject to market failures – 
knowledge as a public good, uncertainty and externalities are the first words which come to 
mind. The debate has concentrated for some time specifically on R&D, the starting point 
being that “were the field of basic research left exclusively to private firms [...] profit 
incentives would not draw so large a quantity of resources to basic research as is socially 
desirable” (Nelson, 1959, p. 304)33. And this is why a lot of R&D is carried out in public 
research laboratories (or in private ones, but with taxpayers’ money). 
However, R&D is only part of the issue. State intervention, in fact, considers many other 
important   features   among   which   we   recall   the   establishment   of   compulsory   primary 
education, the regulation of the overall education system, the resources devoted to knowledge 
concerned with defence or health, the existence of subsidies and incentives, antitrust laws, and 
other. Of course governments are also subject to failure.
As one can see, even a simple hint at these problems clarifies that it is not possible to think in 
terms  of   optimal  allocation  of  resources   to  knowledge  generation  and  why  different 
perspectives, such as national systems of innovation, have gained ground.
4. Globalisation34
Globalisation is another word that has become very popular in the recent past. However, once 
more, a better look at economic reality will show that many characteristics of today’s 
31 The echoes of the story were going on at least until 2002 when the US House of Representatives issued a 
resolution acknowledging the role of Antonio Meucci.
32 For thorough analyses see Metcalfe (1995), Lundvall and Borràs (2005) and David (2008). 
33 Analogously, Arrow (1962) writes of “underallocation of resources to invention by private enterprise”.
34 This sections draws on De Liso and Casilli (2005).
19globalisation have been there for a long time35. What is meant by economic globalisation is 
the process of increasing integration between national economies which takes places through 
international trade of goods and services, the internationalisation of capital markets and the 
international mobility of labour. 
What we want to do here is to concentrate on the relationships between firms, technology and 
globalisation without going into the details of all the above dimensions, nor do we want to 
analyse those institutional changes which have come together with globalisation itself, 
symbolised by the institutionalization of the World Trade Organization (WTO), the fall of 
many barriers and the predominance of financial markets.
When we refer to firms we mean not only giant multinational firms – which are globalised by 
definition – but also small- and medium-sized ones. The latter, in fact, have become more 
global in the last twenty years in at least three ways: there has been increasing attention 
towards exports, on finding new sources of semi-manufactured articles and a process of re-
location of (at least) part of their process of production has occurred. 
A phenomenon which, in general, is experiencing increasing importance is the so-called 
global,   or   international,  production  sharing  (Yeats,   1998).   What   is   meant  by  global 
production sharing is that form of organisation of production whereby the different phases of 
the process of production of a good take place in different countries; in this way absolute and 
comparative advantages, even related to a single phase of the overall process of production, 
can be exploited. 
Early forms of global production sharing typically involve the production of a primary 
commodity (e.g. iron ore) in a developing country, the shipment of this commodity to an 
industrial nation for processing and the re-exportation, at least in part, of the processed 
commodity back to the first country (Yeats, 1998, p. 3). The existence of such a phenomenon 
was explicitly identified by Babbage: 
“The produce of our factories has preceded even our most enterprising travellers. The cotton 
of India is conveyed by British ships round half our planet, to be woven by British skill in the 
factories of Lancashire: it is again set in motion by British capital; and, transported to the very 
plains whereon it grew, is repurchased by the lords of the soil which gave it birth, at a cheaper 
price than that at which their coarser machinery enables them to manufacture it themselves.” 
(Babbage, 1835, p. 4)
There clearly emerges the importance of firms, their technology and innovativeness and the 
globalisation of markets. 
35 For an analysis of globalisation in historical perspective see Bordo et al. (2003).
20In particular, the exploitation of global production sharing depends heavily on transportation 
technologies. The modern evolution of transportation technologies and networks, from giant 
ships such as oil tankers to high-speed trains and low cost airlines is known to us all. A key 
historical passage was the application of steam-engines to ships: it increased carrying capacity 
and   made   delivery   times   reliable.   Steam   technology   was   applicable   to   terrestrial 
transportation, too. Indeed, the world’s first railroad was inaugurated in 1830 and linked 
Liverpool – then probably the world’s most important sea port – with Manchester, i.e. the 
heart of the Industrial Revolution. The railroad was meant for the transportation of goods, but 
it was soon used to transport people as well. 
As the reader may notice we are back to the concept of general purpose technology which 
was introduced in section 3.2: the steam engine, which was originally built to suck water out 
of the depths of the coal mines, rapidly became the prime mover of Manchester’s factories, 
and was applied to transportation over water and over land. Over the course of this process, 
the performance, size, and reliability of these engines were constantly improved, thanks to 
improved materials and better knowledge of the principles behind steam technology. Put 
another way, the general purpose technology steam-engine contributed heavily to the first 
wave of globalisation. 
Let us clarify the fact that international trade existed well before the Industrial Revolution. 
Indeed,  commercial  capitalism   precedes  industrial  capitalism.   The   words  commercial 
capitalism are used to refer to the period between 1100 and 1690 (Landes, 1966); during this 
period we had trade which was aimed at profit and accumulation. Pirenne notes that as early 
as the 12th century it was normal for traders to travel between various European countries, 
and it is not possible to argue that these traders travelled so far simply for subsistence: their 
goal was the constant accumulation of wealth, and their tool was large-scale commerce 
(Pirenne, 1913, p. 504). 
The “problem” of commercial capitalism was that while commerce was rapidly expanding, 
particularly after Europeans reached the Americas, production techniques improved slowly. 
Although trade was already globalised by the end of the 16th century36, a key impulse was 
missing: that of production organised on rational and scientific bases. 
The fusion between economic capitalistic impulse and technological and scientific rationalism 
applied to production took place with the era of industrial capitalism, that is with the First 
Industrial Revolution: this is the dividing line. 
36 As an example of early global commerce we can recall the fact that Manila was founded in 1571 and that it 
served as a trade hub between Europe, Asia, Africa, and the Americas (Findlay and O’Rourke, 2003).
21It should thus be clear that globalisation was not driven by commerce, but by the power of the 
mechanised productive processes that were developed with the application of steam and 
machinery to the English textile industry. The turning point was the systematic production, 
organised along capitalistic principles, which exceeded local or domestic demand: production 
increased so that trade could increase, but the key word, was production rather than trade.
Worthy of  comment is the fact that the Industrial Revolution strengthened the dynamics 
related to the division of labour, and a further dimension, namely that of the international 
division of labour, began to emerge. We can also remember here the link between economics 
and the economy: Adam Smith had already elaborated the theorem according to which the 
division of labour is limited by the size (extent) of the market, that is the larger the market, the 
more developed the division of labour. It is also true that the size of the market is determined 
by the division of labour: in other words, the more production becomes efficient, the greater 
our ability to penetrate new markets, since our (low) costs and prices lead to greater demand, 
and therefore to a further expansion of the market. 
Technology and technological change are at the same time a cause and an effect of 
globalisation.   Technologies   become   global   in   that   they   tend   to   spread   from   both   a 
technological and a geographic point of view. One only needs to think – besides the steam-
engine   –   about   the   spread   of   electricity   or   modern   information   technology.   These 
technologies have had an exceptional impact from a technological point of view, and have 
spread right across the globe. In other words: the most flexible technologies from a technical 
point of view become globalised technologies. This is due to the fact that there are global 
markets in which not only production, but also consumption patterns, tend to become 
increasingly homogenous.
It is important to stress that in some cases the same technology has affected both the 
production  of goods and the capacity to  trade  them: this was the case of steam-based 
technologies. In the most advanced economies, where services are predominant but where an 
industrial basis persists, information technology has a fourfold aim, as it is used to produce 
goods,  provide  services,  organise brokering activities  which make trading goods and 
providing services possible, and consume both goods and services. With regard to the latter, 
one can think of the importance of digital consumption – ranging from mobile phones, which 
are increasingly used for activities other than speaking, to home banking. 
225. Conclusion 
It would be too pompous  to draw final conclusions on three topics such as the firm, 
technology and globalisation at the end of a short paper. What we have done, instead, has 
been to make an attempt at putting forward some critical ideas, pointing out first of all some 
of the problems which emerge when we look at the economy through the lens of economics. 
The issue is crystal clear when we refer to the firm, but it also emerges when we deal with 
technology and globalisation. 
A second point which we have made consists of highlighting the structural links which exist 
between the three items. This, in turn, helps explain the vision of capitalism as an evolving 
system, with the dimensions of knowledge and innovation playing a key role. 
The third point which should emerge concerns the wealth of ideas which can be found in 
economics – or, put another way, economics is not represented by a single school or body of 
thought. We have reappraised the role of classical economists and we have underlined a few 
key passages where the importance of the evolutionary school of thought was highlighted. 
Furthermore, some key features pertaining to the neoclassical-mainstream theory were 
reiterated. Nevertheless, we are of course aware of the fact that these schools do not exhaust 
the list of schools of thought.  
A fourth point which should emerge concerns the richness of methods which can be used in 
economics to study the economy. 
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